Summary. Two groups of adult male rats 8 weeks old were fed a 10 p. 100 protein (casein) diet with or without 2 p. 100 methionine. After 8 rats in each group were killed at 10 a.m. on experimental days 1, 2, 4, 8 and 21, we studied the profiles of plasma non-esterified fatty acids (NEFA) and of the hepatic activities of pyruvate kinase (PK), phosphoenolpyruvate carboxykinase (PEPCK), glucose-6-phosphate dehydrogenase (G6PDH), malic enzyme (ME), acetyl-CoA-carboxylase (Ac.CoA carbox), alanine aminotransferase (AAT), 3-phosphoglycerate dehydrogenase (3PGDH), serine dehydratase (Ser DH), ATP-methionine adenosyltransferase (MAd T), cystathionine synthase (Cysta S) and cystathionase (Cysta t).
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Animal food intake and body weight dropped on the first two days of methionine excess ; from day 8, they reached a new equilibrium which was much lower than that of the control animals.
Hepatic enzyme adaptation could be the result of two mechanisms : (i) a short-term, mainly catabolic, process on the first 4 days of excess during which phosphoenolpyruvate carboxykinase activity and the plasma NEFA level were high, whilg glucose-6-phosphate dehydrogenase and malic enzyme activities were declining ; (ii) a later phenomenon, occurring on experimental day 8 and during which the activity of pyruvate kinase decreased slightly and that of malic enzyme and of 3-phosphoglycerate dehydrogenase declined sharply, while alanine aminotransferase activity was enhanced. The transsulfuration pathway specifically responded to methionine excess : ATP-methionine adenosyltransferase induction was immediate and depended on the amount of methionine ingested while cystathionine synthase did not seem to be closely regulated by methionine intake and cystathionase was only induced after 4 days. Each induction or repression has been discussed and related to the overall metabolic effects of the methionine excess reported in our previous papers.
Introduction.
Methionine has often been used for supplementation since it is found in deficient amounts in some vegetable proteins. Excessive methionine intake has been reported to have some pathological effects (Stekol and Szaran, 1962) . Nevertheless, the essentiality of methionine and its efficiency as a growth promoter are still the subjects of a great number of studies in species as different as chicks (Katz and Baker, 1975) , cats (Teeter et at., 1978 ; Rogers and Morris, 1979) , rabbits (Colin, 1978) and sheep (in relation to wool synthesis) (Radcliffe and Egan, 1978) . Methionine fortification of soybean protein n for the use of human infants and adults remains a problem today (Zezulka and Calloway, 1976 ; Graham et a/; Fomon et al.,1979) , and some of its pharmacological effects are now being studied (Lim et al., 1979 ; Hladovec, 1980) . We have already reported the metabolic implications of methionine excess (Fau et al., 1979 ; Fau and Peret, 1980) using either adapted rats (Fau et al., 1980b) (1971) . The activity of D-3-phosphoglycerate dehydrogenase (3PGDH) (EC.1.1.1.95) was measured using the method of Sallach (1966) . NAD + or NADPH release was measured at 37 °C and 340 ym in a Gilford 300 T spectrophotometer.
The activity of ATP-methionine adenosyltransferase (MAdT) (EC. 2.5.1.6) was determined by using L-methionine (methyl 14 C) as a substrate (Mudd et al., 1965) . The S-adenosylmethionine formed was separated on cation exchange discs (P.81) (McKenzie and Gholson,1973) ; details of the method are given in a previous report (Fau et al., 1979) .
The activity of cystathionine synthase (Cysta S) (EC.4.2.1 .22) was determined by the incubation medium of Mudd et al. (1965) with L-serine-U-14 C. The labelled cystathionine formed was separated by paper chromatography using the descending technique fully described by Fau et al. (1979) .
The homoserine cleavage activity of cystathionase (Cysta t) (EC.4.4.1.1) was colorimetrically determined by the method of Greenberg (1962) .
The livers were homogenized in sucrose or phosphate buffer (last 5 enzymes) (Fau et al., 1979) ; all activities were measured in the 48 000 g supernatant, and the protein content was determined by the Kjeldahl method (N x 6.25). The activities were expressed as nanomoles of substrate per minute per mg of protein at 37 °C.
The concentrations of acetoacetate and p-hydroxybutyrate in the plasma were enzymatically measured according to Bergmeyer (1974) . Plasma NEFA were extracted according to Dole and Meinertz (1960) and determined using the 63 Ni method of Ho (1970) .
The results were statistically analyzed by variance analysis (Snedecor and Cochran, 1967) and the Newman-Keuls test.
Results Figure 1 shows the typical effects of methionine excess on rat food intake and body weight. Food intake fell on day 1 of the experiment, followed by a reduction in body weight. The intake then rose progressively to 13 g within 4 days and never exceeded that value ; at the same time, growth was restored and became linear after day 8, but the weight gain of the excess methionine-fed animals was low (1.3 g) compared to that of the controls (3.3 g). (1978) and Maeda et al. (1975) . Excess methionine intake is immediately followed by a high plasma NEFA level, probably due to the reduction of food intake. Nevertheless, it may be that these fatty acids are easily used for energy production, since we did not find any accumulation of ketone bodies in the plasma. After 21 days, when glucose-6-phosphate dehydrogenase and acetyl-CoA-carboxylase activities returned to normal, the plasma NEFA remained high. Since the body lipid of methionine-fed animals was very reduced (Fau et al.,1980) , we could suppose that lipid turnover was enhanced under our experimental conditions. Transamination intensity (alanine aminotransferase) was high from experimental day 4 to week 3, but we showed (Fau et a/., 1980a) that this induction did not persist after 40 days of methionine intake. The higher activity could be a result of a transitory elevation of protein catabolism (Munro et al., 1963) , also responsible for a slight increase in serine dehydratase activity. Daniel and Waisman (1969) and Yokota et al. (1977) , who found activities ten or twenty times higher than ours for normal rats, reported that serine dehydratase induction occurred after methionine excess ; this was not the case in our experiment. Furthermore, Sanchez and Swendseid (1969) and Ogura (1970) did not obtain conclusive results with 2 p. 100 methionine. This discrepancy may be explained in two ways. Hara and Nakano (1979) considered that the inconsistency of the role of methionine in serine dehydratase induction was due to the strain of rats used : the Sprague-Dawley, but not the Wistar, rat strain showed significant induction. Hoshino et al. (1971) reported that a large part of the serine dehydratase activity remaining after a long period of low-protein diet intake was not owing to « true » serine dehydratase but to homoserine dehydratase, in other words, to cystathionase, which is induced by methionine excess. We found a strong reduction in the activity of 3-phosphoglycerate dehydrogenase which synthesizes serine from glucose.
This repression was reported to be simultaneous with transaminase induction in the case of high-protein diet (Suda, 1966 ; Fallon et al., 1966 ; Mauron et a/., 1973) . In our experiment, the protein intake was low and feed-back control by serine concentration would hardly be credible. We believe that serine synthesis stopped since all the available glucose was used to cover the energy requirements enhanced by methionine excess (Fau et al., 1980b) .
Transsulfuration is considered as the major pathway of methionine catabolism, although Mitchell and Benevenga (1978) (Daniel and Waisman, 1969) . This enzyme represents the « cross-road » of sulfur metabolism (Finkelstein et al., 1974) (PK) , la phosphoenolpyruvate carboxykinase (PEPCK), la glucose-6-phosphate déshydrogénase (G6PDH), l'enzyme malique (ME), l'acétyl-CoA-ccirboxylase (Ac.CoA carbox), l'alanine aminotransférase (AAT), la 3-phosphoglycérate déshydrogénase (3PGDH), l'ATP-méthionine adénosyltransférase (MAdT), la cystathionine synthase (Cysta S) et la cystathionase (Cysta t). 
